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Abstract

Background: Interest in mobile health (mHealth) applications for self-management of diabetes is growing. In July 2009, we
found 60 diabetes applications on iTunes for iPhone; by February 2011 the number had increased by more than 400% to 260.
Other mobile platforms reflect a similar trend. Despite the growth, research on both the design and the use of diabetes mHealth
applicationsis scarce. Furthermore, the potential influence of social mediaon diabetes mHealth applicationsislargely unexplored.

Objective: Our objectivewasto study the salient features of mobile applicationsfor diabetes care, in contrast to clinical guideline
recommendationsfor diabetes self-management. Theseclinical guidelinesare published by health authorities or associations such
asthe National Institute for Health and Clinical Excellencein the United Kingdom and the American Diabetes Association.

Methods: We searched online vendor markets (online stores for Apple iPhone, Google Android, BlackBerry, and Nokia
Symbian), journal databases, and gray literature related to diabetes mobile applications. We included applications that featured
a component for self-monitoring of blood glucose and excluded applications without English-language user interfaces, as well
as those intended exclusively for health care professionals. We surveyed the following features: (1) self-monitoring: (1.1) blood
glucose, (1.2) weight, (1.3) physical activity, (1.4) diet, (1.5) insulin and medication, and (1.6) blood pressure, (2) education, (3)
disease-related alerts and reminders, (4) integration of social mediafunctions, (5) disease-related data export and communication,
and (6) synchronization with personal health record (PHR) systems or patient portals. We then contrasted the preval ence of these
features with guideline recommendations.

Results. The search resulted in 973 matches, of which 137 met the selection criteria. The four most prevalent features of the
applications available on the online markets (n = 101) were (1) insulin and medication recording, 63 (62%), (2) data export and
communication, 61 (60%), (3) diet recording, 47 (47%), and (4) weight management, 43 (43%). From the literature search (n =
26), the most prevalent features were (1) PHR or Web server synchronization, 18 (69%), (2) insulin and medication recording,
17 (65%), (3) diet recording, 17 (65%), and (4) data export and communication, 16 (62%). Interestingly, although clinical
guidelines widely refer to the importance of education, thisis missing from the top functionalitiesin both cases.

Conclusions: While a wide selection of mobile applications seems to be available for people with diabetes, this study shows
there are obvious gaps between the evidence-based recommendations and the functionality used in study interventions or found
in online markets. Current results confirm personalized education as an underrepresented feature in diabetes mobile applications.
We found no studies evaluating social media concepts in diabetes self-management on mobile devices, and its potential remains
largely unexplored.
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Introduction

Methods

Social media and user-friendly mabile devices are one of the
most significant recent developments in information and
communication technology. As well as being commercially
successful and popular, social media hold a potential for
interesting new use cases in health care. On the other hand,
enhanced usability and pervasiveness of mobile devices have
resulted in renewed interest in and development of new
requirements for health care applications. Research has
consistently shown that diabetes management isone application
area [1-5] where mobile devices could enhance the quality of
life for people living with chronic illnesses [6].

Although there is now a wide body of literature on the use of
mobile devices in self-management of diabetes, present
knowledge about good practice in designing integrated health
applications seems rather limited. An integrated application
provides intermodule and interapplication communication
interfacestransparent to the user, resulting in a seamlesswhole.
We have not found research focused on the gaps between the
functional reguirements (evidence-based recommendations in
clinical guidelines) and the functionality available in current
tools. Some reviews address the design of user interfaces [7,8]
and the effect of mobile applications on health outcomes[9-12],
but these studies have not treated functional requirements in
much detail.

The conclusion in Farmer and colleagues’ [13] most influential
work, arandomized controlled trial involving 93 patients, was
that decision-support features were important to realize benefits
from blood glucose monitoring. On the other hand, inaUK and
Canada review from 2009, Seto et al [14] found no benefits
from monitoring blood glucose, but argued for the inclusion of
communication with primary care providers [3,15,16] in the
design of interventions. In a study involving 30 patients with
type 2 diabetes, Faridi et al [17] found no statistically significant
improvement in glycosylated hemogl obin with the use of mobile
applications compared with standard therapy. It is likely that
conflicting outcomes in these and other similar studies are
partially due to differencesin the design of the mobile tools as
interventions. Well-designed mobile tool swith decision-support
features[13] such as personalized education have demonstrated
potential to enhance self-management outcomes [8].

We present an in-depth analysis of the features of diabetes
mobile applications. In addition, we contrast the requirements
derived from evidence-based recommendations with the
functions availablein existing interventions. Therationaleisto
identify gaps and contribute to improving the tools available to
the target group. The aim of the analysis is to answer three
questions: (1) what functionality is available on the market for
diabetes mobile applications?, (2) what gapsexistin relation to
the evidence-based recommendationsfor thistarget group? and
(3) what new use cases from social media could enhance such
applications?

http://www.jmir.org/2011/3/e65/

Our goal wasto review as many and as diverse diabetes mobile
applications as possible, both in theliterature and in commercial
markets. Many successful applications do not have any
grounding in research, hence our decision to include the online
markets and gray literature, where people in general showcase
their innovation, often based on personal needs. While the
literature typically reflects emerging applications and new
trends, the market givesagood indication of mature applications
and functionality. Comparing and contrasting the current
functionality with recommendations in clinical guidelines
congtitutes agap anaysis.

Selection Criteria

The main inclusion criterion was that the application had a
self-monitoring of blood glucose (SMBG) component. This
inclusion criterion had the potential to preclude relevant
applications, but in reality none of the excluded applications
had a clear focus on diabetes. We settled on SMBG asthemain
inclusion criterion in order to filter out applications intended
exclusively for medical professionals rather than patients, as
well as other genera health and lifestyle applications. We
excluded applications without English-language user interfaces
and those designed exclusively for health care professionals.
We also excluded hardware-based sol utions geared toward blood
glucosetracking or insulin pumps only. Applicationswith their
latest updates or publications prior to 2006 were excluded.

Search Strategy

The search was based on two main source types. Thefirst source
was online journal databases, indexers, and reference lists. We
searched for prototypes and work in progress using the search
terms “diabetes” “mobile” “PDA; *“cell,” “phone” and
“application”. We constructed a search string using both the
conjunction “AND” and thedisunction“OR” logical operators
(diabetes AND [mobile OR PDA OR cell OR phone OR
application]). The search was based on the metadata—that is,
title, abstract, and keywords. We targeted both original research
papers and review articlesindexed by Medline, ScienceDirect,
ACM (Association for Computing Machinery) Digital Library,
|EEE (Institute of Electrical and Electronics Engineers) Xplore
Digital Library, Google Scholar, and DBLP (Digita
Bibliography & Library Project) Computer Science
Bibliography. The databases reflect the multidisciplinary nature
of the research involving both medical and computer science
fields. We identified three recent relevant reviews by Arsand
et a [18], Tatara et a [7], and Liang et a [4], where we
cross-checked descriptions. We al so searched the gray literature:
technical reports, Internet blogs, and portals.

The second source was online stores for mobile applications,
using the search terms “diabetes’ and “glucose” with the
digunction “OR” logical operator (diabetes OR glucose). We
identified online storesfor four leading platforms: AppleiPhone,
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Google Android, BlackBerry, and Nokia Symbian. We searched
these two source types—namely, the online journal databases
and the online markets—independently of each other. We
searched the online market first, and then subsequently searched
therelated literature.

Evaluation and Assessment of Application Features

We analyzed the following features. (1) self-monitoring: (1.1)
blood glucose, (1.2) weight, (1.3) physical activity, (1.4) diet,
(1.5) insulin and medication, and (1.6) blood pressure), (2)
education, (3) disease-related aderts and reminders, (4)
integration of social media functions, (5) disease-related data
export and communication, and (6) synchronization with
personal health record (PHR) systems or patient portals. These
features aretheresult of iterated brainstorming sessions among
the coauthors and discussions in focus group meetings with
patients and physicians. The emphasisin these sessionswas put
on translating guideline recommendations into a requirements
specification implementable on a mobile phone platform. We
created alist with multiple features and in iteration reduced the
list to six main features, which we believed had the most
potential for enhancing future mobile applications.

These features are individually quite distinct, but they have the
potential to work as an integrated self-management tool. For
example, the user could log weight, physical activity, meals, or
carbohydrate intake, and have an easy-to-understand visual
display to see how they correlate or affect the blood glucose. It
should be noted that the “insulin” feature in most applications
was part of a customizable “medication” feature for managing
other medications as well.

We ingtalled the available applications and recorded the
functionality in a spreadsheet (see Multimedia Appendix 1).
For those that we were not able to install, we cross-referenced
thefunction descriptionsin published articles. We noted whether
each of the functions required manual interaction with the user,
or whether wired or wirel ess sensors were used to import data
into the application automatically. We then compared the
prevalence of features with the recommendations in several
clinical guidelines (see Discussion section for references to
guidelines). Guideline recommendations can provide a good
basis for requirements analysis and specification during the
design and development of diabetes applications.

The process of extracting the data presented a major risk of
error and uncertainty. For example, the literature is in most
instances implicit about the functionality, and it is easy to miss
or misunderstand feature descriptions within the text. To avoid
potential problems, we enhanced the assessment process with
independent verification. While we cannot claim the process
wedesigned isentirely infallible, we avoided likely pitfallsthat
might otherwise have invalidated our findings. The next
paragraph explains the process in some detail.

http://www.jmir.org/2011/3/e65/
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One author (EA) conducted the market and literature search in
another related study [18] and another author (TC) conducted
another independent search and installation of the selected
applications. A third author (LFL) inspected theinstallation and
assessed the feature on randomly sampled applications. The
forth author (GH) independently undertook another round of
datainspection and verification. Disagreements were settled by
discussion and when necessary by redefining categories.

Results

The breakdown of the search process from online journa
databases, gray literature, and online marketsis shownin Figure
1. Asillustrated in the figure, the total matches were 485 for
literature and 488 for online markets, bringing the total matches
for this study to 973. We went through a sifting process, with
36 applications from the literature and 101 from the online
markets remaining, ending at atotal of 137 mobile applications.
Of the selected 101 market applications, 40 were available for
free. The mean and modal price for the rest of the applications
was the equivalent of €2.50 and €1.50, respectively. Of the 40
free applications, 12 had some premium functionality available
only at an additional cost.

Some applications were counted multiple times—that is, for
each platform or source on which they appeared. Of the total
137 eligible applications, weinstalled 82 on mobile devicesfor
further analyses and classified the rest as either work in progress
or unavailable for installation. Two of the 82 installed
applications—namely  “Tag-It-Yourself” and “Few
Touch”—werefrom theliterature. Theformer wasalso available
on iPhone and the | atter was devel oped in-house. It isimportant
to note that some studies used commercialy available
applications but did not explicitly refer to the application names
or features, and were thus excluded from this study.

We labeled many studies as having irrelevant titles; because
the search termsincluded diabetes and mobile, it was common
to find purely medical studies on diabetesin medical journals.
Our search was based on the title, abstract, or keywords, but
even this streamlined search criterion is bound to yield many
irrelevant articles. On the other hand, most of the articles that
matched the search criteriain information and communication
technology journals turned out to contain relevant data for this
study. Abstracts that were judged to have low probability of
containing relevant data were labeled as unpromising and
excluded from this study.

Thefeatures of the mobile applications per mobile platform and
source are summarized in Table 1. Thefiguresinclude the total
results from the online stores, journal databases, and gray
literature. Explanations of the functionalities are given in
Multimedia Appendix 2. The blood glucose monitoring feature
is not shown in Table 1 because it is a part of al applications
asimplied by the selection criteria.
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Table 1. Numbers and percentages of applications (n = 137) with the respective features of insulin, communication (Comm), diet, physical activity
(PA), weight, blood pressure (BP), personal health record (PHR), education (Edu), social media (SM), and alerts

Application Insulin Comm Diet PA Weight BP PHR Edu SM Alerts
AppleiPhone (n = 49) 35(71%) 36(73%) 26(53%) 17(35%) 19(39%) 13(27%) 7(14%) 8(16%) 12(24%) 7 (14%)
Google Android (n = 33) 19(58%) 17 (52%) 15(45%) 10(30%) 16(48%) 16(48%) 7(21%) 3(9%) 0 (0%) 0 (0%)
BlackBerry (n = 13) 5(38%) 6(46%) 3(23%) 2(15%) 5(38%) 4(31%) 1(8%) 2(15%) 4(31%) 0(0%)
Nokia Symbian (n = 6) 3(50%) 2(33%) 4(67%) 4(67%) 4(67%) 3(50%) 2(33%) 2(33%) 1(17%) 1(17%)
Average for online markets (n - 63 (62%) 61 (60%) 47 (47%) 34(34%) 43(43%) 36(36%) 17(17%) 16(16%) 17 (17%) 8(8%)
=101)

Average for literature (n=26) 17 (65%) 16 (62%) 17 (65%) 15(58%) 7(27%) 6(23%) 18(69%) 10(38%) 3(12%) 7 (27%)
Average for gray literature(n ~ 9(90%) 4(40%) 7(70%) 5(50%) 3(30%) 2(20%) 5(50%) 2(20%) 0 (0%) 1 (10%)
=10)

Total weighted average 89 (65%) 81(59%) 71(52%) 55(40%) 53(39%) 44(32%) 40(29%) 27(20%) 21(15%) 16 (12%)

Table 1 showsthat toolsfor tracking insulin or other medication
were present in 89 (65%) of the applications, athough most
online market applications did not specify whether the
application was meant for type 1 or type 2 diabetes. Just over
half of the applications had some form of diet management,
either by tracking carbohydrate intake or by providing meal
suggestions. Physical activity and weight tracking had 55 (40%)
and 53 (39%) applications, respectively. A component for
synchronizing with PHRs or Web portals was present in 40
(29%) of the applications. Only seven of the 27 applications

with an educational module had personalized education, tips,
feedback, or advice. Few applications were sensitive to the age
or gender of the users; important specific factors for special
user groups such as pregnant women, for example, werelargely
ignored. Someform of lightweight integration with social media
was present in 21 (15%) applications, while 16 (12%) had
disease-related reminders. Of the applications randomly sampled
for verification checking, 7 (5%) of the 130 features analyzed
were in disagreement. None of the disagreements concerned
features related to our main findings.

Figure 1. Selection process for online journa databases and online markets (SMBG = self-monitoring of blood glucose).

Search hits in Literature (L) vs. Market (M)
n=485 (L)
n =488 (M)

(Literature search based on title, abstract, keywords)

Duplicates, irrelevant title
Total excluded n =388 (L)

A 4

No SMBG, non-English, not for patients
Total excluded n =387 (M)

h 4

Irrelevant, unpromising abstract

Total excluded n =43 (L)

Missing details; platform, features
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v >
Further evaluation
n =54 (L)
n=101 (M)
v >
Used in this study: | n=36 (L) | n=101 (M)
Windows Mobile | (n=6) |
Java (n=4)
Palm OS L m=3) |
Apple iPhone (n=3) (n=49)
BlackBerry | (0=2)  (n=13)
Symbian (n=2) (n=6)
Google Android (n=1) i(n=33)
Other/Unspecified (n=15)

Total excluded n= 18 (L)
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Discussion

The results in Table 1 are revealing in several ways. Perhaps
the most significant outcome apparent in Table 1 is that
education is a feature present in only a few diabetes-related
mobile applications. Second, we can observe that a small
percentage of applications have social media, suggesting that
the influence of social media on the development of diabetes
mobile applications is so far negligible. Another interesting
finding emerging from this study is that most online market
applications are based on manual entry of data such as blood
glucose levelsand weight, while 16 (62%) of the 26 applications
found in the literature used wireless (Bluetooth, ZigBee, or
Wi-Fi) automatic data acquisition. Wireless sensors are now
widely available, but proprietary rights and vendor restrictions
hamper their use in some commercial markets (eg, Apple

Chomutare et d

iPhone). Manual data input not only exposes the user to
erroneousinput, but it can also be adaunting task and may |ower
compliance [14]. In the remaining subsections, we discuss the
details of these results.

Core Functionality ver sus Requirements

To discover whether the requirements from clinical guidelines
were necessarily met, we turned to what was available on the
online markets. However, it was impossible to accurately
determine how many of the applications available on the
commercial market were used in research or were founded on
evidence-based principles. Thefour most prevalent features can
be seen from the data in Table 1. We highlight these features
in Table 2 with adlightly different perspective. We omit results
from the gray literature in the table because of its potentia to
obfuscate important elements that the table illustrates.

Table 2. The most prevalent features (n = 137 applications) on the online markets versusin the literature

Order Online stores Literature Overall weighted prevalence
1 Insulin, 63 (62%) Personal health record, 18 (69%) Insulin, 89 (65%)

2 Communicating, 61 (60%) Insulin, 17 (65%) Communication, 81 (59%)
3. Diet, 47 (47%) Diet, 17 (65%) Diet, 71 (52%)

4 Weight, 43 (43%) Communication, 16 (62%) Physical activity, 55 (40%)

The results obtained from online journals and markets are
compared and weighted in Table 2. From the data, we can see
that most applications used in the literature integrated with a
PHR, despite the intricacies associated with PHR integration.
Outside well-controlled research, however, it istypicaly more
difficult to offer PHR functionalitiesfor facilitating collaborative
care. In addition to application development challenges, more
threatening are legislative and organizational barriersrelated to
communicating patient data. The existing restrictive environment
has hampered adoption and discouraged potential innovators
such as Google Hedlth. In Table 2, the PHR feature disappears
from the weighted list because of the sample size imbalance
between the market (n = 101) and the literature (n = 26).

Itiseasy to seethat the rankingsfrom Table 2 are biased toward
patients with more severeillness, where the patients useinsulin.
This is unexpected because between 90% and 95% of people
with diabetes have type 2 diabetes. Most people with type 2
diabetes do not use insulin, but rather oral medication and
lifestyle changes such as diet and physical activity. This bias
toward insulin-based solutions initially seems counterintuitive
inlight of the stated statistical data, but the underlying premise
is based on known results[19,20]. Although thereis still much
disagreement among researchers, evidence of the benefit of
intensive blood glucose monitoring for patients not using insulin
seems rather weak [19,20,21].

http://www.jmir.org/2011/3/e65/

Recent advances reflected in these clinical guidelines [22-24]
recommend the following features (in random order) as part of
important variables for diabetes self-management:

Education and personalized feedback;
Diet management;

Weight management;

Physical activity;

Communication and patient monitoring by primary care
providers;

Insulin and medication management;
Other therapeutics (foot, eye care);
Psychosocial care;

. Immunization;

10. Complication management.

1

g s~ wb

© © N o

It is important to note that current applications meet the
functional requirementslist only partially. Some of the features
are shown in the screenshots of two sampled applications in
Figure 2 and Figure 3. Figure 2 shows an iPhone application,
Glucose Buddy. The application has atouch-sensitive interface
and can also be installed on compatible mobile devices such as
Apple iPods. Figure 3 shows a Windows Mobile application,
Few Touch. This application also hasatouch-sensitive interface
and can beinstalled only on devices with the Windows Mobile
operating system. The applicationsin both Figure 2 and Figure
3 are platform specific, as are most mobile applications.
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Figure 2. Glucose Buddy iPhone application screenshots showing the main menu (left), blood glucose logging (center), and medication logging (right).
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Figure 3. Few Touch Windows Mobile application screenshots showing the main menu (left), food registration (center), and feedback on diet goals
(right).
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e . . . mediaintegration, and alerts. In the future, we expect the ideal
Classification of Functionality application to have al the features available as part of the core
Figure 4 illustrates an arbitrary classification of the surveyed  gpplication, resulting in an integrated, feature-rich, and adaptive
mobile applications on the basis of prevalence. Class A system. The presented classification may be useful for
comprises the four magjor features. Class B functionality application developers and intervention designers when
comprises weight management, blood pressure monitoring, and  considering the features to implement. In addition, the
PHR integration. These have a significantly higher prevalence

than the class C features, which comprise education, socia
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classification isintended to draw attention to the least prevalent
and less well-studied features.

Although the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study group [25] found no significant benefits of
intensive antihypertensive therapy for patients with type 2
diabetes at risk of cardiovascular events, blood pressure
monitoring islikely to be part of class A functionality aswireless
blood pressure sensorsfor home and personal use become more
ubiquitous. Weight management is important for overweight
and obese patients with diabetes. However, a good percentage
of the patients do not struggle with weight; therefore, weight
management seems rationally placed in class B. A PHR

Chomutare et al

integration feature was implemented in most scientific studies,
but because it was not available in online markets where more
applications were sampled, it remained in class B.

It is somewhat surprising that education is conspicuously
underrepresented, even though clinical guidelines suggest it
belongsin class A. Structured and personalized education and
actionable feedback are widely suggested as the missing link
for peoplewith diabeteswho do not useinsulin. Itisnot entirely
clear why social media and alerts had very low prevalence, but
it could partially be because they are difficult to implement. In
the succeeding two subsections we discuss education and social
media featuresin some detail.

Figured. Arbitrary classification of functionality based on preval encein the surveyed mobile applications (BP = blood pressure; PHR = personal health

record).
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Per sonalized Structured Education: TheMissingLink

Current results reveal something completely unexpected: only
27 (20%) of the applications had an education module, and only
7 (26%) of these met our criteriafor personalized education or
feedback. A recent study [26] showed that, although Internet
health information is growing rapidly, the average person lacks
the skills for finding and using the heath information
strategically for hisor her benefit. For people with diabeteswho
do not use insulin, personalized structured education may be
the missing link to deriving benefitsfrom SMBG. Somereviews
have supported the view that SMBG does not benefit patients
who are not using insulin [19,20,21,27]—having the main end
point as glycosylated hemoglobin. In contrast, Polonsky et al
[28] argue that previous research has not considered structured
SMBG with proper education [28,29], where participants are
empowered with actionable knowledge on how to deal with
different circumstances related to blood glucose variability.
Clar et a [19] aso agree with the view that proper actionable
knowledge will result in SMBG benefits for people not using
insulin or oral agents [19,30,31]. Existing accounts fail to
resolve the contradiction between thetwo views. Larger clinical
trials with well-defined interventions are needed to provide
definitive evidence.

Nonetheless, interms of design and devel opment of personalized
education modules, thetask is challenging and the research field
is still undeveloped. There is considerable scope for
personalization because the mobile applications have accessto
some data about the users and their health status. However,
using these user data for personalizing education is obviously
not trivial. Personalizing heath education is a rich and
interesting field of inquiry that deserves urgent attention.

Social Media: Emerging Use Cases

In arecent survey, Chen [32] showed the importance of socia
aspects and experience-sharing among people with diabetes.
Chen’sfindings underscore the importance of individuality and
the need for tailored social interactions, which resonate with
the concept of “PatientsLikeMe” [33,34], which has recently
received enormous attention.

Findings from this study suggest very little influence of socia
mediaon current diabetes mobile applications. Most applications
that claim to include social media features only provide a link
to their groups in well-known socia networking sites such as
Facebook and Twitter. Some applications also provide the user
with an account to a forum. However, there are no functional
links or integration between information in the mobile
application and the social media application. For instance, it is
not easy to share graphs and data in the mobile applications
with friends or relativesin social networks.

Integrating mobile applications with social media presents an
opportunity for finding similar users and communities in a
dynamic fashion. The health data that these applications store
can be used to model the health status, which can then be used
to find peers. These new techniques can be applied to create
new personalized features, such as recommender systems of
educational content [35,36]. Relying on peers for practical

http://www.jmir.org/2011/3/e65/
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support and not entirely on primary health care may lessen the
strain on health care resources.

Some applications, however, do synchronize their datawith an
online portal or PHR automatically. Despite previous research
having reported the benefits of patient-accessible electronic
health records [37], the rate of adoption of PHR is less than
initially expected, partialy because of usability issues [38].
Parts of the PHRs and portal s can be shared with friends, family
members, or physicians. Securely integrating health data and
social mediaholdsapotential for enhanced peer support. Inthe
project TuAnalyze [39], researchers from Harvard Medical
School have created an application for the diabetes online
community TuDiabetesthat gathersreal timeinformation about
different health aspects. That social application is based on the
PHR platform Indivo, and is a good example of a successful
integration agenda.

Limitations

Many of the applicationsfound outside the official online stores
were not available for installation. As a result, some of the
functionality was recorded from only the description or from
published articles. Often there are discrepancies between the
text description and the actual features, and some functionality
is not apparent until the application is installed and tested. In
research articles, some authors are not clear about whether any
of the work they describe has been done. For example,
Buranarach et al [40] and Chang et al [41] discuss Web-based
portalsfor diabetes sel f-management, but we could not find the
portals or verify some of the reported claims. We therefore had
to cross-reference the descriptions using three independent
review articles. The scope of thisstudy did not include analysis
of patient privacy and security issues. Few studies addressed
thisissue, which isafield in definite need of research.

Another limitation may be that the main inclusion criterion of
selecting only applications with an SMBG feature had the
potential to preclude other potentialy relevant applications.
However, in practice, most of theinitial 973 search hitsincluded
general health information and health news aggregators. Also
included in the initial hits were applications for managing
physical activity, diet, or weight, but without special regard to
diabetes. Most of the more general lifestyle applications such
as diet management have a wider audience and are geared
toward keeping healthy and fit. In order to maintain some level
of focus, blood glucose tracking appeared to be an attractive
inclusion criterion for diabetes mobile health applications, and
also seemed to be a generaly accepted core feature among
developers of diabetes applications.

Since this study only analyzed the availability of applications
and their features, it lacks information about the users. One
cannot easily make generalizations to populations, since
smartphones are not equally used among people of different
socioeconomic status and age groups. In addition, it isvery hard
to know whether the applications are mostly used in developing
countries where the available mobile technology may be less
sophisticated.
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Conclusions

A mainfinding from thisreview isthat acritical feature strongly
recommended by clinical guidelines—namely, personalized
education—is not assimilated in current applications. Polonsky
et al [28] and Klonoff [42] arguethat studiesfail to show SMBG
benefits for patients who are not taking insulin because the
studies have not integrated well-structured education as part of
the intervention, and our results seem to support their premise.

The other major finding emerging from this study is that
potentially interesting new use cases from social media are
largely undeveloped. Although there is some evidence of the

Chomutare et d

use of PHR in augmenting social engagement with peers, we
found that the concept is still seldom recognized in the surveyed
applications.

Theimpact of specific application features on clinical outcomes
is not easy to determine, but current findings enhance our
understanding of how thelack of some designated corefeatures
may influence clinical outcomes. The presented findings
contribute evidence that shows personalized education and
decision-support features not being integrated in most current
blood glucose monitoring interventions, despite the
evidence-based recommendations and requirement for them.
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